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Background: In children with developmental disorders, motor problems often co-occur with cognitive difﬁ-
culties. Associations between speciﬁc cognitive deﬁcits underlying learning problems and minor neurological
dysfunction (MND) are still unknown.
Aims: To assess associations between speciﬁc types of MND as clinical markers of non-optimal brain function
and performance in speciﬁc cognitive domains.
Study design: Part of a randomized controlled trial.
Subjects: Three hundred and forty one 9-year-old children born at term (177 boys, 164 girls).
Outcome measures: Children were neurologically assessed to detect eight types of MND: mild dysfunction in
posture and muscle tone, reﬂexes, coordination, ﬁne manipulative ability, sensory function, cranial nerve func-
tion, choreiform dyskinesia and excessive associated movements. Cognitive function in the domains of atten-
tion, memory and language was evaluated using the Test of Everyday Attention for Children (TEA-Ch), a
developmental neuropsychological assessment (NEPSY) and the Children's Memory Scale.
Results: Fine manipulative disability and coordination problems were associated with lower scores on attention,
memory and learning and language, other types of MNDwere not. Girls with coordination problems performed
signiﬁcantly worse on attention/executive function than those without this dysfunction; however, in boys, such
association was absent.
Conclusion: Particularly,ﬁnemanipulative disability and coordination problemswere associatedwithworse cog-
nitive function in the domains of attention, learning and memory and language. Previous and present data sug-
gest a minor sex difference in neurocognitive associations: in girls dysfunction of the cerebello-thalamo-cortical
pathways may be associated with cognitive deﬁcits, while in boys cognitive impairment may be associatedwith
dysfunction of cortico-striato-thalamo-cortical pathways.© 2012 Elsevier Ireland Ltd. Open access under the Elsevier OA license.1. Introduction
Children with developmental disorders frequently exhibit both
motor problems and cognitive difﬁculties. For instance, developmen-
tal coordination disorder (DCD) has been associated with attention
deﬁcit/hyperactivity disorder (ADHD) and cognitive deﬁcits in the
domains of working memory, language and executive functions [1].
Children with ADHD often have additional problems with balance, co-
ordination and ﬁne motor skills [1]. Also dyslexia has been associated
with minor neurological dysfunction (MND), in particular ﬁnemanip-
ulative disability [2]. In addition, MND has been associated with; TEA-CH, Test of Everyday At-
ychological assessment; CMS,
tion disorder; ADHD, attention
unsaturated fatty acids; OOS,
r Measurement of the Environ-
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Netherlands. Tel.: +31 50
ers-Algra).
 the Elsevier OA license.learning problems, such as problems with reading, spelling and arith-
metic [3–5].
MND refers to ﬁndings during a standardized and age-speciﬁc
neurological examination. It denotes the occurrence of minor neuro-
logical dysfunction in absence of evident neurological pathology.
MND has been associated with perinatal adversities, such as preterm
birth [5] and maternal drug or alcohol use during pregnancy [6,7] and
can be expressed in severity of MND and in type of MND. The severity
of MND is based on a distinction between simple MND and complex
MND. Complex MND reﬂects the clinically relevant form of brain dys-
function on account of its strong associations with a) prenatal and
perinatal risk factors, such as gestational age [5], – resembling the eti-
ology of cerebral palsy – and b) learning and behavioral problems.
Conversely, simple MND, the more prevalent form of MND, has
weak relationships with perinatal adversities and with learning and
behavioral problems. Simple MND may be seen as a typical, but
non-optimal form of brain development and may in fact be regarded
as a minor neurological difference.
The different types of MND include dysfunctional posture and
muscle tone, ﬁne manipulative disability and dyscoordination. Specif-
ically, the latter two types of MND have been related to learning
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cognitive deﬁcits underlying these learning difﬁculties is still un-
known. The Groningen LCPUFA (long chain polyunsaturated fatty
acids) project offered the possibility to study relationships between
MND and speciﬁc cognitive domains in nine-year old children born
at term. As mentioned above, deﬁcits in memory, attention, executive
functions and language have been associated with DCD; DCD in turn
is associated with severity and speciﬁc types of MND [10]. Previously,
we reported that in children born at term especially type, rather than
severity, of MND was associated with lower IQ [9]. Therefore, we
aimed to assess relations between speciﬁc cognitive domains and
type of MND. Based on the above mentioned studies, we expected
that speciﬁcally ﬁne manipulative disability and coordination prob-
lems will be associated with cognitive deﬁcits. In addition, sex differ-
ences in the association between MND and cognition were assessed.
The rationale for the speciﬁc attention to sex was twofold. First, it is
well known that sex differences exist in developmental disorders,
for example ADHD occurs more often in boys and eating disorders
more often in girls [11]. Second, imaging studies have demonstrated
differences in the developmental course of the brain [12]. Previously,
we demonstrated that in boys ﬁne manipulative disability was associ-
ated with lower IQ scores, but in girls no such association was found
[9]. Therefore, we hypothesize that in boys, ﬁne manipulative disabil-
ity in particular will be associated with lower scores on cognitive
tests.
2. Methods
2.1. Participants
Three hundred and forty-one term born children (177 boys, 164
girls) aged from 8 years and 10 months to 9 years and 7 months474 healthy term infants enrolled at b
457 children participated at 3 month
446 children participated at 18 mont
341 children participated at 9 year
Fig. 1. Flowchart of children from study(mean 9.0 SD 0.22) participated in the study. The children took part
in a double-blind randomized controlled trial on the effects of the
supplementation of formula with LCPUFA during the ﬁrst two months
after birth. Children with perinatal risk were excluded from the study.
Infants were randomized into two groups: a group receiving formula
with LCPUFA (Nutrilon Premium® with 0.45% (by wt) arachidonic
acid and 0.30% (by wt) docosahexaenoic acid) (n=145) and a
group receiving control formula without LCPUFA (n=169). A third
group of infants were breastfed after birth (n=160). Of the 474 in-
fants enrolled at birth, 72% participated in the follow-up assessment
at nine years (Fig. 1; for details see [13]).
Extensive information on social background, obstetric conditions
and pre- and perinatal circumstances was collected, which enabled
us to form an obstetric optimality score (OOS) [14]. The Home Obser-
vation for Measurement of the Environment (HOME) was used to
evaluate social background at 18 months and an abbreviated version
of the Wechsler Adult Intelligence Scale (WAIS III) was applied to es-
timate maternal verbal IQ.
At nine years, data on current social situation was collected. Char-
acteristics of the participating children and children lost to follow-up
can be found in Table 1. The ethics committee of the University
Medical Center Groningen approved the study design and all parents
provided written informed consent for participation of their child in
the study.
2.2. Procedures
An age-speciﬁc technique designed for the evaluation of minor
neurological dysfunction [15] was used to assess neurological condi-
tion. The assessment, which takes developmental changes into ac-
count, was videotaped. Items of the examination are grouped in
eight domains of dysfunction: ﬁne manipulative ability, coordination,irth 
11 stopped because parents 
changed type of feeding 
3 lost to follow-up 
1 died  
1 had cerebral haemorrhage 
1 had cerebral haemangioma 
s 
hs 
s 
10 lost to follow-up 
1 died 
83 lost to follow-up 
22 withdrew consent 
enrolment until 9 years follow-up.
Table 1
Demographic characteristics of participants (n=341), non-participants (n=133) and their parents.
Participants Non-participants
Boys (n=177) Girls (n=164) Boys (n=78) Girls (n=55)
% of original study group 69% 75% 31% 25%
Age (years), mean (SD) 9.0 (0.22) 9.0 (0.22) – –
Birth weight (g), mean (SD) 3570 (497) 3515 (427) 3573 (405) 3450 (463)
Firstborn, n (%) 68 (40%) 77 (49%) 31 (40%) 21 (38%)
Apgar score at 3 min, median (range) 10 (5–10) 10 (7–10) 10 (7–10) 10 (9–10)
HOME, median (range) 43 (33–45) 44 (32–45) 42 (38–44)
OOS, median (range) 59 (43–69) 59 (43–69) 58 (50–68) 61 (47–67)
Special education, n (%) 13 (7%) 6 (4%) – –
Type of feeding after birtha
Breastfed, n (%) 64 (36%) 63 (38%) 15 (19%) 17 (31%)
LCPUFA supplemented formula, n (%) 42 (24%) 49 (30%) 36 (46%) 19 (35%)
Standard formula, n (%) 71 (40%) 52 (32%) 27 (35%) 19 (35%)
Maternal education
High (university education or vocational college), n (%) 46 (27%) 42 (27%) 10 (13%) 8 (15%)
Medium (college graduate or junior vocational college), n (%) 101 (59%) 93 (59%) 45 (58%) 25 (42%)
Low (no education or primary education), n (%) 23 (14%) 23 (15%) 23 (30%) 22 (40%)
Paternal educationb
High (university education or vocational college), n (%) 51 (32%) 53 (33%) 10 (13%) 13 (24%)
Medium (college graduate or junior vocational college), n (%) 70 (43%) 73 (46%) 35 (46%) 23 (38%)
Low (no education or primary education), n (%) 41 (25%) 34 (21%) 31 (41%) 19 (35%)
Maternal smoking during pregnancy (>5 cigarettes/day), n (%) 35 (20%) 25 (15%) 14 (18%) 11 (20%)
Maternal alcohol during pregnancy, n (%) 19 (11%) 26 (16%) 7 (9%) 5 (9%)
HOME: Home Observation for Measurement of the Environment; OOS: Obstetric Optimality Score; LCPUFA: long-chain polyunsaturated fatty acids.
a Signiﬁcant difference between participants and non-participants. Chi-square: 11.70; p=0.003.
b Signiﬁcant difference between participants and non-participants. Chi-square: 7.14; p=0.028.
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movements, sensory deﬁcits and cranial nerve function. Presence of
multiple related dysfunctional items is required for the classiﬁcation
of a dysfunctional domain [16]. Inter-rater, intra-rater and test–retest
reliability for neurological classiﬁcation varied from good to excellent
[16].
Cognitive functions were assessed using the Test of Everyday At-
tention for Children (TEA-Ch) [17], a developmental neuropsycholog-
ical assessment (NEPSY) [18], and the Children's Memory Scale [19].
The TEA-Ch assesses three different types of attention: selective at-
tention (Sky Search test), sustained attention (Score test and Sky
Search DT) and attentional switching (Creature Counting test and Op-
posite Worlds test). Scores of subtests belonging to a speciﬁc kind of
attention were averaged to give an estimate of that type of attention.
The TEA-Ch is a standardized and validated test with age-speciﬁc
norms and moderate to good reliability [17].
The NEPSY [18] assesses neuropsychological development of chil-
dren using tasks with which children are often confronted in daily
life. Scaled scores of six different subtests were combined to form
scores on three functional domains: attention/executive function
(Tower), language (Speeded naming and Comprehension of instruc-
tions), and memory and learning (Narrative memory, Memory for
faces and Memory for names). The NEPSY is standardized on a large
sample of children and has excellent inter-rater reliability. Verbal
memory was further evaluated with the word pair subtest of the
Children's Memory Scale, which assesses immediate and delayed re-
call and recognition of word pairs, summarized in a total score. The
Children's Memory Scale has a moderate to high correlation with
other tests evaluating memory function [19]. In addition, parents
ﬁlled in a questionnaire on ADHD based on the criteria of the
DSM-IV [20], which provided information on inattention.
All cognitive tests were scored according to the original non-Dutch
norms, as Dutch norms are lacking. The raw scores achieved on the var-
ious tests were converted into scaled scores with a mean of 10 and a
standard deviation of 3. Higher scores indicate better performance.
The cognitive and neurological assessments were carried out by two
psychologists (HKK and CdJ). The neurological assessment was super-
vised by MHA on the basis of the video-recording of the assessment.
MHA was blind to results of the cognitive tests.2.3. Statistical analyses
Power calculation of the original project had been based on scores
on the Bayley Scales of Infant Development at 18 months. A post-hoc
power analysis based on the outcomes of the NEPSY and TEA-Chat
school age indicated that at least28 children with ﬁne manipulative
disability and 27 children with dyscoordination were needed to de-
tect a difference of half a SD (mean=10 and SD=3) with 80%
power and alpha of 0.05.
Statistical analyses were carried out in three steps. The ﬁrst step
consisted of univariate analyses to determine differences in cognitive
outcome between children with or without a speciﬁc type of dysfunc-
tion (Student t-test). In the second step, multivariate analysis was
done to adjust for the inﬂuence of type of feeding during the ﬁrst two
months after birth and sex. Finally,multivariate analysis was performed
to adjust for additional covariates. Factors known to inﬂuence cognition
or neurodevelopment were entered into the regression analyses using
backwards selection. The following variables were considered for the
regression analyses: maternal verbal IQ, maternal and paternal educa-
tion and profession, maternal smoking, alcohol and drug use during
pregnancy, birth weight, Apgar scores at 1 and 3 min ,total OOS and
the subcategories of theOOS summarizing the prenatal and social histo-
ry. As performance in the domains memory and learning, verbal mem-
ory and language may be inﬂuenced by levels of attention, the
inattention score of the ADHD-questionnaire was included in multivar-
iate analyses of memory and language. Two-tailed level of signiﬁcance
was set at 0.05. Statistical analyses were carried out with SPSS, version
16.0 (SPSS, Inc., Chicago IL).
3. Results
Dysfunction in the domain reﬂexes was the most frequently oc-
curring type of MND (n=159; 47%), followed by mild problems in
coordination (n=93; 27%). Fine manipulative disability was present
in 86 children (25%), dysfunctional posture and muscle tone in 60
children (18%). Thirteen children (4%) showed choreiform dyskinesia,
excessive associated movements occurred in 7 (2%) children and sen-
sory deﬁcits and cranial nerve dysfunction were present in one child.
Three domains of dysfunction were associated with cognition: ﬁne
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posture and muscle tone.
Fine manipulative disability was associated with lower scores on
all cognitive functions (Table 2). Interestingly, all associations were
statistically signiﬁcant in the subgroup of boys (n=55), but in girls
(n=31), only the associations with TEA-Ch sustained attention and
the NEPSY domain learning and memory were statistically signiﬁcant
(Fig. 2). Multivariate analyses conﬁrmed that children with ﬁne ma-
nipulative disability had lower scores on all cognitive functions, ex-
cept for the NEPSY domain attention/executive function. Details of
the multivariate analyses of two cognitive outcomes are provided in
Tables 3a and 3b. Results of the other cognitive outcomes were com-
parable (results not shown). The interactions with sex failed to reach
statistical signiﬁcance.
Childrenwith coordination problems performed signiﬁcantly worse
than childrenwithout coordination problems on all cognitive tests,with
the exception of the TEA-Ch selective attention task and the Children's
Memory Scale word pairs task (Table 2). Contrary to the results in the
domain of ﬁnemanipulative ability, the associations between coordina-
tion problems and cognition persistedmainly in girls and not in boys. In
girls, coordination problems (n=31) were related to lower scores on
attentional switching, attention/executive functioning, memory and
learning, language and on the Children's Memory Scale word pairs.
Boys with coordination problems (n=62) scored lower only on the
memory and learning subtest (Fig. 3). Multivariate analyses con-
ﬁrmed univariate results for the entire group of children (examples
in Tables 3a and 3b). Furthermore, the analyses demonstrated a sig-
niﬁcant interaction with sex for the attention/executive functioning
subtest: girls with coordination problems performed signiﬁcantly
worse than those without this dysfunction, whereas in boys no rela-
tion was found between coordination problems and attention/exec-
utive function (Table 4). For the other cognitive tasks, the interaction
with sex could not be conﬁrmed.
Dysfunction of posture and muscle tone was not associated with
performance on cognitive tasks in the entire group of children. However
in girls, dysfunctional posture and muscle tone was associated with
lower scores on the NEPSY language scale (t-test; p=0.006). This was
conﬁrmed by a signiﬁcant interaction with sex after adjusting for type
of feeding (Girls: B: −1.425; 95%CI: −2.47; −0.36; p=0.009; boys:
B:0.02; 95%CI: −0.72;0.77; p=0.954). However, the interaction lost
statistical signiﬁcance after adjusting for additional covariates.
4. Discussion
The present study is the ﬁrst study to demonstrate associations
between two speciﬁc types of MND and worse performance in specif-
ic cognitive domains at school age in low risk children born at term:
ﬁne manipulative disability and coordination problems were associ-
ated with worse performance in the domains of attention, learning
and memory and language. These results are in concordance withTable 2
Fine manipulative disability and coordination problems and performance on neuropsycholo
Fine manipulative disability
Absent Present
Mean 95% CI n Mean
TEA-Ch selective attention 7.74 7.4–8.1 255 6.82b
TEA-Ch sustained attention 8.31 8.0–8.7 253 7.02b
TEA-Ch attentional switching 8.83 8.6–9.1 248 7.36b
NEPSY attention/executive functioning 10.56 10.3–10.9 255 9.86a
NEPSY memory+learning 9.13 8.9–9.4 255 7.77b
CMS word pairs 8.52 8.1–8.9 250 7.22b
NEPSY language 10.20 10.0–10.5 254 9.01b
a t-test: pb0.05.
b t-test: pb0.01.the ﬁnding that children with DCD show impairments on tasks in
working memory, language and executive functions [21], since chil-
dren with poor motor abilities often show problems in the domains
of ﬁne manipulative ability and coordination [10]. Of the two types
of MND, ﬁne manipulative disability was most consistently associated
with cognitive impairments, which is in line with previous studies
[4,8]. Other types of MND were not associated with cognitive impair-
ments. Although this may have been the result of a lack of power for
these domains [9], it is in concordance with Soorani-Lunsing et al. [8],
who reported associations between learning problems and ﬁne ma-
nipulative disability and coordination problems.
It has been suggested that MND, and in particular ﬁnemanipulative
disability and coordination problems, is a manifestation of cortico-
striato-thalamo-cortical and cerebello-thalamo-cortical dysfunction
caused by prenatal and perinatal adversities, such as preterm birth [3].
The former pathway has been associated with movement control and
sequential ﬁnger movement tasks [22] and the latter with motor
learning and timing of movements [1]. These brain circuitries may be
especially vulnerable for subtle adversities as the maturation of the
frontal-striatal systems and of the cerebellum lasts throughout child-
hood until adolescence [23] which is in parallel with the development
of higher-order cognitive function. The cognitive functions associated
with the cortico-striato-thalamo-cortical pathways include spatial work-
ing memory, planning and attentional switching and tasks involving
planning, language and set-shifting are associated with the cerebello-
thalamo-cortical pathways [24]. Therefore, it is likely that dysfunction of
these pathways results not only in motor problems, but also in cognitive
deﬁcits in the domains of attention, memory and language.
Our studywas carried out in children born at termwithout a speciﬁc
risk for developmental disorders.We expect that the associations found
in the present study also will be present – and perhaps stronger – in
children neonatally considered as high risk, as these high risk infants
have a higher prevalence of lesions of complex neural circuitries, MND
and cognitive dysfunction [25–28].It is interesting thatwe found the as-
sociations between speciﬁc types of MND and cognition in children
without perinatal or neonatal risk. This may suggest that subtle events
occurring during early phases of ontogeny play a role in the origin of
speciﬁc forms of MND and reduced cognitive function. The early origin
is for example illustrated by the association ofminor physical anomalies
and ﬁnemanipulative dysfunction [27]. Another prenatal source of sub-
tle alterations of neurocognitive circuitries is maternal stress during
pregnancy. Being exposed to prenatal stress increases the risk of MND
and non-optimal cognitive performance [29,30]. Whether or not these
factors played a role in the current study group is unknown. Interesting-
ly, in our study prenatal, perinatal and neonatal factors played a mini-
mal confounding role, with maternal smoking during pregnancy being
the only exception to the rule. A ﬁnal explanation may be that subtle
long-lasting environmental factors inﬂuence the development of com-
plex cortico-subcortical circuitries, due to the vulnerability of these cir-
cuitries as a consequence of their protracted maturation. This idea isgical tests.
Coordination problems
Absent Present
95% CI N Mean 95% CI n Mean 95% CI n
6.2–7.4 85 7.61 7.3–7.9 247 7.23 6.7–7.8 93
6.4–7.7 83 8.23 7.9–8.6 244 7.78a 6.7–8.0 92
6.7–8.0 79 8.72 8.5–9.0 241 7.78b 7.2–8.4 86
9.3–10.5 86 10.59 10.3–10.9 248 9.84a 9.3–10.4 93
7.3–8.2 84 9.05 8.8–9.3 247 8.12b 7.6–8.6 92
6.5–7.9 80 8.33 7.9–8.7 241 7.86 7.2–8.5 89
8.5–9.5 86 10.09 9.8–10.3 248 9.40a 8.9–10.0 92
* ** * ** * 
** ** 
* ** 
Fig. 2. Cognitive outcome and ﬁne manipulative disability in boys and girls.
267H.K. Kikkert et al. / Early Human Development 89 (2013) 263–270supported by the fact that paternal education and maternal IQ were
major confounders in the associations between MND and cognition.
Several explanations may be offered for the contribution of these fac-
tors. Firstly, parental educationmay inﬂuence child achievement directly
via genetic factors. Furthermore, parental education may be associated
with behaviors that inﬂuence child achievement. This effect may already
operate in utero, for example maternal smoking during pregnancy has
been related to lower levels of education as well as lower cognitive out-
come in children [31]. Finally, higher levels of parental cognition may
lead to higher cognitive performance indirectly by creating a stimulating
environment offering more learning experiences [32,33].
The results further indicated some sex differences in the associations
between MND and cognitive functions. In the univariate analyses, it
seemed that in girls in particular coordination problems are associated
with cognitive problems, whereas in boys ﬁne manipulative disability
is associated with worse cognitive performance. This is in linewith pre-
vious results, demonstrating that boys with ﬁnemanipulative disability
had a lower performance IQ, whereas in girls ﬁnemanipulative disabil-
ity was not associated with performance IQ [9]. Interestingly, imaging
studies also suggest small sex differences in brain development. BoysTable 3a
Multiple linear regression analyses for TEA-Ch attentional switching (n=327).
Fine manipulative disability
Effect 95% CI p-Value R2
Step 2: type of feeding and sex 0.10
Fine manipulative disability present vs absent −1.26 −185 to −0.67 b0.001
Type of feeding: LF vs CF (ref) −0.18 −0.82–0.46 0.585
BF vs CF 0.47 −0.12–1.05 0.115
BF vs LF 0.65 0.02–1.27 0.043
Female vs male 0.70 0.19–1.20 0.007
Effect 95% CI p-Value R2
Step 3: additional covariates 0.15
Fine manipulative disability present vs absent −1.23 −1.80 to−0.66 b0.001
Type of feeding: LF vs CF (ref) −0.23 −0.86–0.39 0.461
BF vs CF 0.20 −0.38–0.78 0.491
BF vs LF 0.44 −0.18–1.05 0.174
Paternal profession 1.17 0.65–1.70 b0.001
Female vs male 0.73 0.24–1.21 0.004
BF/LF/CF: Breastfed/LCPUFA supplemented/Control formula group; paternal profession dich
Paternal profession: n=325; (statistically signiﬁcant difference in paternal profession at 18
missing data: χ2=5.387; p=0.020. If data on paternal profession was missing at 9 years, ttend to have an overall larger brain volume than girls and speciﬁcally
relatively larger amygdala, hippocampus and cerebellum, whereas
girls have relatively larger caudate nucleus and globus pallidus than
boys [34]. In addition, sex speciﬁc developmental trajectories of cortical
and subcortical brain areas, including the frontal lobe and caudate nu-
cleus, have been described. Girls tend to reach peak sizes earlier than
boys [12] and appear to employ a more mature pattern of the
front-striatal pathways compared with boys [35]. It could be surmised
that the sex differences in brain maturation result in differences in the
sequelae of similar adverse events. These adverse eventsmay also be as-
sociated with MND. Support for this theory comes from animal re-
search, which has demonstrated that prenatal stress differentially
affects the male and female rat brain [36]. On the basis of the results
we suggest the following hypothesis: in girls mild dysfunction of
the cerebello-thalamo-cortical pathways is associatedwith cognitive
impairment, whereas in boys mild dysfunction of cortico-striato-
thalamo-cortical pathways is associated with increased vulnerability
for cognitive problems. The precise mechanisms through which sex
differences in brain maturation may translate to differences in the
associations between neurological development and cognition areCoordination problems
Effect 95% CI p-Value R2
Step 2: type of feeding and sex 0.07
Coordination problems present vs
absent
−0.74 −1.32 to−0.16 0.013
Type of feeding: LF vs CF (ref) −0.16 −0.81–0.49 0.622
BF vs CF 0.61 0.02–1.20 0.043
BF vs LF 0.77 0.14–1.40 0.017
Female vs male 0.72 0.21–1.24 0.006
Effect 95% CI p-Value R2
Step 3: additional covariates 0.12
Coordination problems present vs
absent
−0.68 −1.25 to−0.12 0.019
Type of feeding: LF vs CF (ref) −0.22 −0.85–0.41 0.496
BF vs CF 0.34 −0.25–0.93 0.254
BF vs LF 0.56 −0.06–1.18 0.078
Paternal profession 1.17 0.63–1.71 b0.001
Female vs male 0.76 0.26–1.26 0.003
otomized as: middle/high vs low.
months between cases with available information on paternal profession at 9 years and
his was substituted by paternal profession at 18 months).
Table 3b
Multiple linear regression analyses for NEPSY memory and learning.
Fine manipulative disability Coordination problems
Effect 95% CI p-Value R2 Effect 95% CI p-Value R2
Step 2: type of feeding and sex (n=339) 0.13 Step 2: type of feeding and sex (n=339)
Fine manipulative disability
present vs absent
−1.12 −1.65 to −0.60 b0.001 Coordination problems
present vs absent
−0.78 −1.30 to
−0.26
0.003
Type of feeding: LF vs CF (ref) 0.08 −0.49–0.66 0.777 Type of feeding: LF vs CF (ref) 0.09 −0.49–0.67 0.762
BF vs CF 1.12 0.60–1.64 b0.001 BF vs CF 1.24 0.71–1.76 b0.001
BF vs LF 1.04 0.47–1.61 b0.001 BF vs LF 1.15 0.57–1.72 b0.001
Female vs male 0.40 −0.05–0.85 0.083 Female vs male 0.40 −0.06–0.86 0.087
Effect 95% CI p-Value R2 Effect 95% CI p-Value R2
Step 3: additional covariates (n=299) 0.28 Step 3: additional covariates (n=299) 0.26
Fine manipulative disability
present vs absent
−0.97 −1.48 to −0.47 b0.001 Coordination problems
present vs absent
−0.60 −1.10 to
−0.10
0.019
Type of feeding: LF vs CF (ref) 0.16 −0.40–0.72 0.577 Type of feeding: LF vs CF (ref) 0.13 −0.43–0.70 0.643
BF vs CF 0.54 −0.01–1.09 0.052 BF vs CF 0.60 0.04–1.16 0.034
BF vs LF 0.39 −0.20–0.96 0.192 BF vs LF 0.47 −0.12–1.05 0.119
Inattention −0.07 −0.11 to −0.03 b0.001 Inattention −0.07 −0.11 to
−0.04
b0.001
Paternal education 1.13 0.59–1.67 b0.001 Paternal education 1.14 0.60–1.69 b0.001
Maternal VIQ 0.03 0.01–0.04 0.002 Maternal VIQ 0.03 0.01–0.05 0.001
Maternal smoking during pregnancy −0.66 −1.26 to −0.06 0.032 Maternal smoking during pregnancy −0.67 −1.28 to
−0.06
0.033
BF/LF/CF: Breastfed/LCPUFA supplemented/Control formula group.
Maternal smoking during pregnancy dichotomized as 0–5 cigarettes/day vs >5 cigarettes/day. Paternal profession dichotomized as: middle/high vs low.
Maternal verbal IQ: n=312 (no statistically signiﬁcant difference in maternal education between cases with available information on maternal VIQ and missing data for maternal
VIQ: χ2=1.313; p=0.567).
Paternal education: n=325; (no statistically signiﬁcant difference in paternal education at 18 months between cases with available information on paternal education at 9 years
and missing data: χ2=3.456; p=0.063. If data on paternal education was missing at 9 years, this was substituted by paternal education at 18 months).
268 H.K. Kikkert et al. / Early Human Development 89 (2013) 263–270not known and follow-up on possible sex differences in neurocognitive
associations should be done to conﬁrm these suggestions.
4.1. Strengths and limitations
Strengths of the current study include the use of a standardized,
age-speciﬁc detailed neurological examination, the assessment of a
broad range of cognitive domains using well validated test measures,
and – according to the post-hoc power analysis – adequate power.
The examinations were applied in a relatively large group of children
born at term in which information of many background factors, in-
cluding maternal IQ was available. Even though the exclusion of chil-
dren with perinatal risk may imply that the results cannot be
extrapolated to groups of high risk infants, the exclusion of high risk* * * 
Fig. 3. Cognitive outcome and coordinchildren may also be regarded as a strength, as it offered the opportu-
nity to explore neurocognitive associations in a population without
well-known perinatal adversities.
It may be considered as a limitation of the study that it was based
on children participating in a randomized controlled trial on the ef-
fects of supplementation of formula with LCPUFA during two months
after birth. One of the results of the study design was that only 37% of
the children were breastfed after birth, compared with 78% in a typi-
cal Dutch population [37]. Breastfeeding has been associated with a
better neurological condition [5,38] and with less ﬁne manipulative
disability [13], which may have resulted in the high prevalence of
MND found in this study compared to previous results [4]. However,
whether this effect is a result of the type of feeding or due to factors asso-
ciated with breastfeeding, such as maternal education or environmental* 
** 
* 
ation problems in boys and girls.
Table 4
Multiple linear regression analyses for coordination problems and NEPSY attention/ex-
ecutive functioning.
Effect 95% CI p-value
Dysfunctional coordination within sex
Boys: dysfunction vs no dysfunction −0.100 −0.873; 0.674 0.800
Girls: dysfunction vs no dysfunction −1.738 −2.720; −0.757 0.001
Sex within dysfunctional domain coordination
Non-dysfunctional coordination: girls vs
boys
0.517 −0.110; 1.144 0.106
Dysfunctional coordination: girls vs boys −1.122 −2.205; −0.039 0.042
Type of feeding
LF vs CF (reference) −1.052 −1.734; −0.370 0.003
BF vs CF 0.008 −0.615; 0.632 0.979
BF vs LF 1.060 0.384; 1.736 0.002
n=341.
R2=0.07.
BF/LF/CF: Breastfed/LCPUFA supplemented/Control formula group.
269H.K. Kikkert et al. / Early Human Development 89 (2013) 263–270factors, is unknown. In order to adjust for a potential effect of type of feed-
ing on neurological development, multivariate analyses were performed.5. Conclusion
Fine manipulative disability and coordination problems in chil-
dren born at term were associated with cognitive impairment in the
domains of attention, learning and memory and language. These ﬁnd-
ings may be relevant in particular for children presenting with motor
problems, i.e. DCD, as these children often show MND [10]. Our data
suggest that it is advisable to assess the proﬁle of cognitive functions
in children with DCD presenting during the neurological examination
with ﬁne manipulative disability or coordination problems. This offers
the possibility of early detection of cognitive dysfunction, thereby creat-
ing opportunities for timely intervention.6. Key points
• In children with developmental disorders, motor problems are
often associated with cognitive difﬁculties. The associations be-
tween speciﬁc cognitive deﬁcits underlying learning problems and
minor neurological dysfunction (MND) are unknown.
• The study indicates that in particular ﬁne manipulative disability
and coordination problems are associated with impaired attention,
memory and learning and language.
• Previous and present data suggest the existence of sex speciﬁc neuro-
logical vulnerability for cognitive impairment: in girls mild dysfunc-
tion of the cerebello-thalamo-cortical pathways may be associated
with cognitive impairment, whereas in boys mild dysfunction of
cortico-striato-thalamo-cortical pathways may be associated with in-
creased vulnerability for cognitive problems.
• The ﬁndingsmay be relevant for childrenwith developmental coordi-
nation disorder.Conﬂict of interests
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